The present paper deals with solving the time dependent nonlinear Ginzburg-Landau equations in one dimension using a solitary wave technique. For this purpose, we use the tanh-function method which is a simple and powerful analytical tool, finding several families of solutions.
Introduction
Ginzburg and Landau (GL) introduced the superconductivity phenomenological theory [17] , which explained the results of the Meissner effect. Over the years, this has influenced many theoretical studies [3] . GL is established on a second-order phase transitions, based on the construction of a free energy functional. This theoretical mechanism generated the Ginzburg-Landau equations of a superconducting system. Calculating exact and numerical solutions, especially travelling wave solutions, plays an important role in fields like biology, engineering, mechanics, chemistry, applied mathematics and physics [1] . Various techniques have been applied to obtain solutions of these nonlinear partial differential equations in recent years. For instance, the tanh-function methods [18] and [21] , the Jacobi elliptic function method [7] , the F-expansion method [8] , the homogeneous balance method [20] , Hirota's bilinear method [13] , [15] , the inverse scattering transform [14] , the truncated Painleve expansion [9] and [10] , homogeneous balance [11] , [2] , and reduction of the PDE to a quadrature problem [12] ; among them are found the generalizations of the tanh function method [4] , such as the extended tanh function method [5] , the modified tanh-function method [16] , and the Jacobi elliptic function expansion [6] . Because of its simplicity and a wide range of applications, we use of the tanh function method in order to find solitary wave solutions of the time-dependent Ginzburg-Landau equation in one spatial dimension. This paper is organized as follows. In section (2), we present the tanh method. In section (3), we apply the method to the time-dependent Ginzburg-Landau equations. In section (4), we obtain the solitary wave solutions of GL equations.
The Tanh Method
The general problem corresponds to finding a solitary wave solution of nonlinear coupled differential equations that govern fields Ψ(x, t) and A(x, t), in variables x and t, as:
We start with the following coordinate transformation:
We have
Applying eq. (3) to fields Ψ(x, t) or A(x, t) they are transofrmed into Ψ(x, t) = u(ξ) and A(x, t) = v(ξ), respectively. Then, the partial differential equations of the model become a set of ordinary differential equations.
Here P and Q are polinomials of the variables u and v and their ordinary derivatives of ξ. The tanh method is a mathematical method used to find solutions of equations like (11) (12) , which are called solitary waves. In general, the solutions of the fields Ψ(x, t) or A(x, t), can be expressed as finite combinations of tanh functions. Then, a new independent variable is introduced:
where the derivatives of ξ become:
The solutions are postulated as:
and
The two sets of coefficients (a 0 , a 1 ...a m ) and (b 0 , b 1 ...b n ) are determined using a set of algebraic equations that come from replacing eq. (8)- (10) in eqs. (5)- (6) . The parameters m, n are given by the balance of the highest-order linear term with the nonlinear terms in the transformed equations. Then, the main goal is to apply the tanh method to solve equations (11)- (12) .
The Solution of the 1d Ginzburg-Landau model
The one dimension GL equations are [19] :
We choose the next set of solutions:
where ξ is given as eq. (3). Then, using eqs. (4), (13) and (14) in eqs. (11) and (12), we obtain:
which corresponds to eqs. (5-6). Then, we suppose a solution for eqs. (15) (16) (17) (18) (19) are given by eq. (10):
Also, we assume that Y is given by eq. (7). Therefore, replacing eqs. (8) in eqs. (15) (16) (17) (18) (19) , we obtain:
Furthermore, we have to determine the parameters m and n in eqs. (17) (18) . Therefore, we balance the linear term of highest order with the highest order nonlinear terms in eqs. (19) (20) .
Then, m = 1 and n = 1. Therefore, using eqs. (17-18), u and v are:
We suppose a 1 = 0 and b 1 = 0. Replacing, eqs. (23-24) and their derivatives in eqs. (19) (20) , we obtain:
As a result, we obtain a set of algebraic equations for eqs. (25-26), order by order, in Y i with i = 0, 1, 2, 3, :
We skip eq. (30) because it contradicts hypothesis a 1 = 0. Then, defining:
we obtain the solutions a 0 , a 1 , b 0 and b 1
( 
Also, here we have i = 3 and j = 27. Therefore, we have 81 possible functions for v, So, the total number of solutions for the system is {u, v} = (45 × 81).
Conclusions
This paper presents a solitary wave solution for the Ginzburg-Landau equations in one dimension, which are:
Ψ(x, t) i = (a 0,i + a 1,i tanh (x − at)) exp i(kx + t)
A(x, t) i = b 0,i + b 1,i tanh (x − at)
This method can be applied to explore further extensions to GL theory, for example, high T c temperature models. Also, the method can be easily extended to phenomena in 2 and 3 dimensions.
